Abstract-In this paper, we propose a stable active contour based tracking method which utilizes the bimodal segmentation technique to obtain a background color diminished image frame. The proposed method overcomes the drawback of the Mansouri model which is liable to fall into a local minimum state when colors appear in the background that are similar to the target colors. The Mansouri model has been a foundation for active contour based tracking methods, since it is derived from a probability based interpretation. By stabilizing the model with the proposed speed function, the proposed model opens the way to extend probability based active contour tracking for practical applications.
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I. INTRODUCTION
IN this paper, we propose a stable tracking model which is an extension of the Mansouri model [1] that has been proposed for region tracking without motion computation. Tracking regions in an image sequence is a challenging and difficult problem in image processing and computer vision. However, region tracking has also many important applications such as intelligent video surveillance, automated video editing, video database search and retrieval, etc.
Recently, active contour based approaches have been studied for the aim of simultaneous tracking and segmentation of the object [1] - [7] . The approach aims for obtaining the object boundary for further high level computer vision tasks, while tracking the object. If the boundary of the object is known, then intelligent analysis can be done of the situation in which the object is involved (See Figure 1 ).
The Mansouri model [8] has been proposed for region tracking that derives from a Bayesian formulation which uses no motion field or motion parameters computation. This model has become a foundation for many active contour based tracking models since the problem of region tracking is formulated as a Bayesian estimation problem, and the resulting tracking algorithm is expressed as a level set partial differential equation.
Until this paper, other active contour based algorithms just used motion information (optical flow), or background subtraction to define the speed function of the active contour.
Another novelty of the Mansouri model is that very little a priori information about the region being tracked is used in the algorithm. This kind of expression has opened a wide possibility for interpreting the tracking process as partial differential equation solving problem. However, the Mansouri model is rather sensitive to the color variation in the background. If a certain color appear in the background such which is similar to the color of the object, then the active contour tries to include the background region also in the target region, and result in a failure of the tracking.
In this paper, we propose a new speed function which is an extension of the speed function of that used in the Mansouri model to stabilize the tracking process. We also use a bimodal segmentation technique to obtain a new image in which the target region is better discriminated from the background. We unify both techniques in a single framework. Experimental results verifying the stability of the proposed model are given at the end of this paper. Fig. 1 . Examples when the boundary of the object can give some clue to the situation of the scene.
II. MATHEMATICAL FORMULATION FOR PROBABILITY BASED ACTIVE CONTOUR MOTION TRACKING : THE MANSOURI MODEL
In this section, we introduce how the Mansouri model results from a probability based formulation of the active contour based motion tracking. We follow the main process described in [7] . Then, we refer to the problems with the Mansouri model. In the probabilistic approach, the shape and the motion parameters of the active contour are updated such that the contour's a posteriori probability is maximized. To formulate the posteriori probability function, it is assumed that the image is composed of the object region and the background region. 
where ϕ is the partitioning operator. The object tracking problem is formulated in terms of the boundary probability, Γ P , defined by the probabilities of the regions, given the current image, n I , and the previous collection of object boundaries,
Then using the Bayes' rule, this can be reformulated as
Here, the first term in the numerator can be split into two terms such as
Using the assumption that each pixel in the image is independent of each other such that:
Here,
are pixels that lie in a small patch which center is on the active contour, each corresponding to the inside, the boundary and the outside of the active contour (Fig. 2) . Then by maximizing this posteriori probability, we obtain the Energy functional for tracking:
The speed function of the Mansouri model is computed by minimizing the energy functional in (7) . By reformulating (7), the speed function F is computed based on the relationship between the intensity values of the background pixels and the foreground pixels inside a local window.
where The speed function decides the speed of the following curve evolution equation:
which evolves the curve C according to the speed field F in the normal direction N . In the classical level-set method this evolution is achieved by numerically solving the following PDE
on the regular grid where is the level-set function. As the function evolves continuously, so does the implicitly represented curve.
The level set function in the foreground region is assigned a positive value while the background region is assigned a negative value. Then the L 2 difference values of the intensity values inside the local windows which are set at the boundary of the object are computed to decide the speed function F .
The speed function F is computed by the following three steps:
1. Set
in the previous frame.
3.
Here, the superscript 1 in Figure 1 shows how the active contour is moved by the above three steps. The left upper image in Fig. 1 shows the previous frame, while the right upper image shows the current frame. The lower row shows enlarged local regions of the upper row frames. . This decides the direction of the motion of the contour, since the sign of F decides whether the value of the level set function at ) , ( j i decreases or increases as can be seen from (10). The color at point (b) in Fig. 3 is closer to the background color in the previous frame, i.e., is close to the color at point (a). Therefore, at this point, it becomes that
, and the sign of F at this point becomes positive. This makes the value of φ to decrease at this point, and when φ becomes negative, then this point becomes a member of the background region. Therefore, the point (b) in Fig. 3 has changed from the foreground region to the background region. However, a classification can happen if a new color appears in the background region in the current frame which is closer to the foreground region in the previous frame. Figure 4 shows such a case. Here, compared with colors inside the window (shown as a blue box in Fig.  4 ) in the previous frame, a new color has appeared inside the window in the current frame (indicated by the letter (c)). This color had been occluded by the tracking object, and therefore had not been observed in the previous frame. The problem is that the new color is more close to the object color than the background color in the L 2 difference norm sense. Therefore, the Mansouri algorithm regards this color as the object color rather than the background color, and the speed function of the active contour is computed such that it includes this color. As a result the region with this color is included in the object region as can be seen in the right image of Fig. 4 . Once the false region is included in the object region, it remains as the object region, and therefore, the error of the active contour region and the object region increases with time and the tracking fails as can be seen in Fig. 4 .
Therefore, a new speed function has to be proposed which can deal with this problem.
III. PROPOSED METHOD
We propose a new speed function which can deal with the above mentioned problem. We let the proposed speed function be To see how the proposed speed function works, we first observe how the term after the max{} function in (3) works. We let this term be
which is again positive if the point r has been the object region in the previous frame, i.e., φ has been positive in the previous frame. Meanwhile 
Here, H is the Heaviside function, and δ is a small positive value. The minimization above leads to a segmentation of
Here, we try to force the speed function F to be 0 < F in the region out Ω . For this aim, we defined the new 
This makes the colors in the new image to diminish, if they are close to
. Similarly, we choose the third dominant color if it exists, and continue in the same way with the fourth color, etc. Using this new image we obtain a function t ϕ as a minimizer of the energy functional in (13). This minimizer is then used to compute the proposed speed function using equation (11). Due to the bimodal segmentation, the major background colors are eliminated from the background region. The minor background colors which are close to the target colors become now segmented to the background, and thus the active contour will not fall into a local minimum. This makes the tracking more stable than the Mansouri model.
IV. EXPERIMENTAL RESULTS
Experiments have been performed on a whole image sequence to compare the tracking results of the Mansouri model and the proposed model. Figure 5 shows the tracking results with the Mansouri model. It can be observed that the contour becomes trapped at the region where the background has a new color. As a result, the contour eludes from the true object boundary, and the whole tracking fails. Figure 6 shows the tracking result with the proposed model. As can be observed, the new speed function can handle the new colors in the background, and as a result, the contour sticks to the object boundary. The tracking becomes more stable than the Mansouri model, as the center of the object region is more accurately computed, and a more accurate boundary of the object is obtained. 
V. CONCLUSION
In this paper, we corrected the speed term used in the conventional Mansouri model such that the active contour becomes not trapped by background colors similar to those in the target region. The correction is done by using the bimodal level set segmentation algorithm to determine the dominant background colors. Experimental results verify the performance of the proposed method.
